The Phase Division Multiplexing (PDM) technique developed for more efficient use of communication resources has recently gain popularity in wireless communication systems. The PDM technique contributes to parallel communication with the multi-channel structure it supports. Unlike the FDM and TDM techniques, which are frequently used in wireless communication, the PDM has two and four channel structures and multiplexes the phase of the signal. It is thought that the performance analyses of the proposed 2 and 4channel structures will give the researchers an idea of which aspects are superior and where they can be used. In this study, phase division multiplexing structures are analysed and comparative performance analysis are performed and the results are shared. When PDM structures are analysed, it is seen that 2-channel PDM-BPSK, 2channel PDM-QPSK and 4-channel PDM-BPSK structures have been developed. In order to compare these structures with each other, graphical user interface has been designed by using MATLAB program and constellation diagrams of each structure have been obtained. Simulation studies of these three structures have been performed by using MATLAB / Simulink program. Simulations have been run with the same system parameters and Bit Error Rate (BER) curves have been obtained. Tolerance ranges have been compared over constellation diagrams and bit error rate curves obtained by simulations have been shared. As a result of the comparing performed in this study; the 2-channel PDM-BPSK structure is the simplest and least energy required structure. The 4channel PDM-BPSK structure is advantageous with the number of channels it provides, but it needs the most energy. The 2-channel PDM-QPSK stands out with its symbol / bit rate. It also requires an energy value in the energy range of the other two techniques.
Introduction
The multiplexing process is frequently used in communication systems to deliver communication resources to more than one user and to use communication costs more efficiently. In wireless communication, multiplexing is seen mainly by using FDM (Frequency Division Multiplexing) [1] [2] [3] [4] , TDM (Time Division Multiplexing) [1, 2, 4, 5] or using these two multiplexing techniques together [1, 5, 6] . While the FDM offers multiple communication channels to the users by dividing the frequency band, the TDM makes multiplexing by allocating the communication path to different users at different times by dividing in time. Apart from these two basic approaches, OFDM (Orthogonal Frequency Division Multiplexing) [7] [8] [9] [10] [11] [12] , which is a derivative of the FDM technique, and CDM (Code Division Multiplexing) which is a logical multiplexing technique [13] [14] [15] is used.
Unlike the general multiplexing techniques used in wireless communication systems, phase division multiplexing (PDM) [16] [17] [18] is a new multiplexing technique which multiplexing in the phase of the signal. When the PDM technique is examined, it is seen that there are two-and four-channel structures based on BPSK and QPSK modulations. As it is a new technique, making comparative analyses of these structures of PDM would be useful for researchers.
The rest of the work is organized as follows. In the second chapter, PDM structures are mentioned briefly. The simulation studies prepared for PDM structures are shared and comparative analyzes are made. In Chapter 4, the results obtained are shared.
Phase Division Multiplexing
Phase Division Multiplexing (PDM) is a new multiplexing technique developed for use in wireless communication systems, which can be used independently or together with multiplexing techniques commonly used [18] . With Phase Division Multiplexing, phase channels are formed by dividing in the signal phase. These phase channels can be assigned separately to users.
The developed PDM has a structure dependent on the type of modulation to be used. The modulation to be used in PDM has a fixed amplitude value such as PSK [19, 20] modulation and is generated by using pairs of signals with a phase difference of 180° from each other. With the PDM, the signal phase of 360° is divided by the number of channels desired to obtain. The constellation diagrams are generated according to the number of phase channels, the modulation level and the possible input conditions. Data communication is performed according to these constellation diagrams.
In the structure formed by symmetric partitioning, signals with different phase values are allocated to each channel. The each channel uses these special signals according to its own data. Because these signals emitted from the channels have the same frequency value, they overlap and a single symbol is received by receiver, which is the vector sum of all these symbols. The PDM is based on the computations and calculation of these overlapping signals, at which point overlap or neutralization may occur. In order to avoid such collision or neutralization, a phase channel is formed in two or multiples of two. In addition, increasing the number of phase channels to be created means that the number of symbols will increase. The large number of symbols to be processed means system complexity and cost. For these reasons, Dual-channel PDM-BPSK, Dual-channel PDM-QPSK and Quad-channel PDM-BPSK structures have been developed.
In the PDM, there is a third "-" state indicating the non-use status of the channels in addition to the "1" and "0" data in the input state. All possible combinations of 3 different input states in Vol 8, Number 2, 2018 European Journal of Technic (EJT) ISSN: PDM-BPSK structure are 3n, with "n = number of channels". That is, 3n symbol signals are processed. In PDM-QPSK, there are 5 different possible input states such as "00", "01", "10" "11" and the non-use condition of the channel "--". This means that 5n symbol signals are processed, which are different from each other as the phase and amplitude to represent all possible input states.
In the Dual-channel PDM-BPSK, the signal phase with 360° is divided into 4 equal parts and the signals opposite to each other are allocated to the same channel. The channels emit these signals according to the data they want to transmit. The sum of these signals forms the constellation diagrams of the PDM structure since both channels simultaneously emit signals. The Dual-channel PDM-BPSK has 9 different input states and each symbol represents a 2-bit data set. The first bit of each symbol represents the 1st channel data and the second bit represents the 2nd channel data. The receiver makes sense of the symbol signal according to the tolerance intervals and separates the data of the channels.
The difference of PDM-QPSK from PDM-BPSK structure is to assign 4 signal values to the generated channels. Thus, 2-bit data can be transmitted from each channel in the QPSK structure. In the Dual-channel PDM-QPSK, the signal phase of 360° is divided into 8 and 4 signals are allocated per channel to each other. In this structure, communication is provided via 4-bit data groups. The first two digits of these data groups represent the data for the first channel and the last two digits represent the data for the second channel. Each symbol in the constellation diagram represents 4-digit data groups consisting of "0", "1" and "-". While all possible combinations of 4-bit data can create 16 different states, 25 different input states are observed due to the non-use of the channel in the Dual-channel PDM-QPSK structure. These 25 different input states are represented by 25 symbol signals each with different amplitude and phase values.
In the Quad-channel PDM-BPSK, the signal phase of 360° is divided into 8 equal parts. The signal pairs with opposite angles are assigned to the same channel. In the Quad-channel PDM-BPSK structure, the 4-bit data groups belonging to a different channel of each digit are communicated. Each symbol in the constellation diagram represents the 4-digit data group consisting of "0", "1" and "-", and 81 different input states are observed. These 81 different input states are represented by 81 symbol signals, each with different amplitude and phase values. The receiver determines which signal is received by the amplitude and phase value of the signal to be received.
Simulation

Graphical User Interface
In this study, a graphical user interface (GUI) has been designed to compare PDM techniques with constellation diagrams and tolerance ranges. This GUI generates the constellation diagram according to the desired input values and determines the tolerance intervals. The Quad-channel PDM-BPSK constellation diagram and the tolerance interval analysis are shown by means of the GUI designed in Figure 1 .
Figure 1. Constellation diagram and tolerance analysis
Simulation and Comparison
In order to test the performance of PDM structures, dual and quad channel PDM modulators and demodulators have been designed in MATLAB / Simulink environment and simulations have been performed by adding noise factor to the transmission medium. Figure 2 , Figure 3 and Figure 4 show the Dual-channel PDM-BPSK, Dual-channel PDM-QPSK and Quad-channel PDM-BPSK simulation models respectively. In addition to the use of ready blocks of Simulink program for simulations, special blocks and functions have been developed to represent the study-specific PDM structure. 
Figure 2. Dual-channel PDM-BPSK simulation
. Quad-channel PDM-BPSK Simulation
For "A = signal amplitude assigned to the channels" and "f = operating frequency", the PDM simulations have been performed with the parameters given below and the resulting clustering diagrams are given in Figure 5 . The Bit Error Rate Analysis Tool (BERTool) tool has been used to calculate BER values corresponding to different Eb / No values with the parameter values specified in the simulations. BER curves for all three PDM structures are shown in Figure 6 .
Figure 6. BER performance comparison of PDM structures
As it seen from the graph; as the number of channels increases, the required Eb / No is increasing. Also when higher level modulation is used in PDM, it is seen that the required Eb / No value increases. The reason for this is that when the number of channels increases or the modulation level is increased, the symbol signals that come up are close to each other and their tolerances decrease. The comparison data obtained in the study are summarized in Table 1 . 
Table1. Pdm Techniques Comparison
Conclusion
In this study, a comparative analysis of PDM, a new multiplexing technique, has been introduced. For this purpose, a graphical user interface has been designed by using MATLAB environmentand clustering diagrams of each structure are obtained. Using the MATLAB / Simulink environment, the simulations of these three structures are made and the results of the simulations operated in the same parameters are shared. Tolerance ranges are compared over clustering diagrams and bit error rate curves obtained by simulations are shared.
As seen in the study two independent channels are obtained in Dual-channel PDM-BPSK and Dual-channel PDM-QPSK techniques and 4 independent channels are obtained by Quad-channel PDM-BPSK technique. The Dual-channel PDM-BPSK technique requires 25 percent less energy than the Dual-channel PDM-QPSK technique and the Quad-channel PDM-BPSK technique needs 20 percent more energy than the Dual-channel PDM-QPSK technique. In Dual-channel PDM-BPSK and Quadchannel PDM-BPSK techniques, 1 bit can be transmitted from channels simultaneously, while Dualchannel PDM-QPSK technique can be transmitted by 2 bits simultaneously.
As a result, in this study; with the simple structure of the Dual-channel PDM-BPSK, it is seen to be the least energy-require technique. The small number of symbols processed in this case has a great contribution. In this technique, each channel can transmit 1 bit data at the same time. The Quad-channel PDM-BPSK provides the highest number of channels and is also disadvantageous in terms of energy demand. This is the result of the processing of 81 symbols in the Quad-channel PDM-BPSK structure. In this technique, channels can transmit 1 bit data at the same time. Finally, the energy requirement in the Dual-channel PDM-QPSK structure has a value between the two other techniques. In addition, since the channels can transmit 2-bit data at the same time, it can be seen that it comes forward with a symbol / bit rate.
